ABSTRACT. Objective: To evaluate the association between the cross-sectional area of selected shoulder and scapular muscles and the range of shoulder abduction, early after neck dissection surgery. Patients and Methods: Twenty-seven patients (contributing 34 upper limbs), who had undergone neck dissection surgery for head and neck malignancy, were enrolled into the study. Loss of strength of the trapezius muscle at 1-month post-surgery was quantified by the change in active range of shoulder abduction (%A-ROM), measured by hand-held goniometry in a standing position, from baseline, before surgery. The cross-sectional area of the following muscles were measured on unenhanced computed tomography images after surgery: trapezius, rhomboid, serratus anterior, pectoralis major, deltoid, and biceps brachii. Results: There was a significant positive correlation between the %A-ROM and the cross-sectional area of the rhomboid muscle. Conclusion: Greater active shoulder abduction early after surgery is associated with a greater cross-sectional area of the rhomboid muscle. This muscle should be included in intensive programs for rehabilitation of upper limb movement after neck dissection surgery.
N eck dissection (ND) is a surgical treatment used to improve the rate of cure of neck malignancies and lymph node metastasis. However, complications of ND are common, including shoulder dysfunction resulting from paralysis of the trapezius (TR) muscle secondary to injury to the spinal accessory nerves 1 ) , neck pain and strangalesthesia. Previous studies have reported impairment in shoulder function to be associated with a decrease in quality of life (QOL) after surgery [2] [3] [4] [5] [6] . Therefore, providing intensive rehabilitation to recover shoulder function after ND is clinically important to improve overall patient outcomes 3, 4) . Active range of shoulder abduction (A-ROM) is used as an index of shoulder dysfunction after ND 3, 4 ) , with increasing the A-ROM recognized as an important goal of early mobilization after ND 7) . In patients with TR paralysis, the loss of TR is compensated by recruitment of the rhomboids (RH) and the serratus anterior (SA) during over-head shoulder movements 8, 9 ) . Therefore, strength training for scapular muscles, especially RH and SA, should be a component of the early postoperative rehabilitation program. However, the contribution of these muscles to the recovery of shoulder abduction after ND has not been previously reported. SD, standard deviation; ACE-27, Adult Comorbidity Evaluation-27; %A-ROM, change ratio of active shoulder abduction range of motion from baseline to 1-month postoperatively; BMI, body mass index; Alb, serum albumin; CRP, C-reactive protein; CT, computed tomography; POD, postoperative day.
Measurement of the cross-sectional area (CSA) of TR after ND, using computed tomography (CT), has been reported to be a useful indicator of disability due to TR muscle paralysis 10) . However, the CSA of muscles in these previous studies has either not been measured early after ND 8, 9) or only included the TR, without consideration of the potential role of other shoulder and scapular muscles 10) . Therefore, the purpose of our study was to elucidate the relationship between A-ROM, early after ND, and the CSA of not only the TR but also other shoulder and scapular muscles.
Patients and Methods
The study group included 27 patients (contributing 34 upper limbs) who underwent unilateral or bilateral ND for the treatment of head and neck cancer between October 2012 and October 2015, and could be obtained informed consent. Our cohort study included 21 males and 6 females, with a mean age of 58.1±12.2 years ( Table 1 ). The inclusion criteria were a perfect score on the Functional Independence Measure before surgery and a return home after discharge from the hospital. The exclusion criteria were as follows : severe muscle weakness ; defined as a muscle grade of <3 on manual muscle testing; severe restriction of the range of motion of the shoulder, with an A-ROM <150°b efore surgery; a clinical diagnosis of adhesive capsulitis; and use of a latissimus dorsi musculocutaneous flap for surgical reconstruction. Our study protocol was approved by the ethics committee of the International University of Health and Welfare, Mita Hospital (H24-20). All patients received intensive rehabilitation during their hospital stay after ND, as per our hospital's protocol, which included an evaluation of physical function. Patients received an orientation about the program of post-operative rehabilitation before surgery. Physical therapy was initiated on postoperative day 1, with the focus over the first 14 days postsurgery being on walking, to improve exercise tolerance and prevent loss of function; and passive range of motion of the shoulder by patients' bedside. Once drainage tubes were removed, patients came to the rehabilitation unit for a program of aerobic exercise, combined with strength training for the scapular and shoulder musculature. For patients who had not recovered sufficient range of shoulder motion at the time of discharge, shoulder range of motion exercise and muscle strength training were pursued, including coaching for movements of activities of daily living.
A-ROM was measured on the side of TR paralysis, either unilateral or bilateral depending on the ND procedure. A-ROM was measured using a universal goniometer, with a 5°graduated scale, and adhering to the standard methods of the Japanese Association of Rehabilitation Medicine for hand-held goniometry. A-ROM measures were obtained before surgery and at 1-month post-surgery, with the ratio of the change in range (%A-ROM) calculated.
The CSA was measured after surgery for the following shoulder and scapular muscles: TR, RH, SA, pectoralis major (PE), deltoid (DE), and biceps brachii (BI). CSA measurements were obtained at the same reference point as in previous studies: the deltoid tubercle for TR 10 ) ; the fourth thoracic transverse level for RH and PE 11) ; the inferior angle of the scapula for SA; 1/3 of the length of the humerus for DE; and 1/2 of the length of the humerus for BI 12 ) . CSA measurements were performed on unenhanced CT images that were obtained for the purpose of diagnosis or followup ( Figure 1 ). The CSA was measured directly from the images using Image J software (version 1.48), with a Hounsfield unit threshold range of -29 to +150. CSA measurements were normalized to height (m 2 ) to yield the skeletal muscle index, expressed in cm 2 /m 2 13) . The cross-sectional area for TR, RH, PE, SA, DE, and BI were calculated separately for the left and right upper limbs.
A partial correlation analysis, controlling for postoperative day of CT measurement, was used to evaluate the association between measured CSAs and the % A-ROM. Statistical analyses were performed using IBM SPSS for Windows (version 21), with a P-value <0.05 considered to be statistically significant.
Results
The results of the partial correlation analysis are summarized in Table 2 , 3, with a significant association identified between %A-ROM and the CSA of the RH (r=0.36). On scatter plots of the %A-ROM against CSAs (Figure 2 ), a linear relationship was identified only between %A-ROM and the CSA of the RH. 
Discussion
Our findings indicate that a greater CSA of the RH after ND is associated with greater A-ROM after ND. This finding underlines the important contribution of scapulothoracic stability to shoulder abduction, with CSA specifically having a partial effect on muscle strength and performance. This partial correlation is in agreement with previous studies that have described the non-linear relationship between muscle strength and performance and measures of CSA and skeletal muscle mass [14] [15] [16] . The finding of a positive association between the CSA of the RH and the %A-ROM underlines the compensatory function of the RH to shoulder abduction. Considering the scapular adduction action of the RH, which arises from the transverse processes of C6 through T4 and inserts into the medial border of the scapula, we propose that RH would provide important scapular stabilization to support the compensatory use of the SA for arm elevation in the presence of TR paralysis 8, 9) . The stabilizing role of RH during shoulder abduction has been well-described among healthy adults, with the onset of RH activity at the initiation of shoulder abduction, with maximum activity at 120°of shoulder ab-duction 17 ) . Moreover, RH activity has been shown to increase as a function of the increasing load applied to the upper limb during shoulder abduction 18 ) . TR paralysis, after ND, would increase the load on the upper limb, which could explain the benefit of a stronger RH in improving A-ROM early after ND.
Of note, we did not identify a significant association between the %A-ROM and the CSA of the TR, in spite of a known decrease in active shoulder abduction with TR paralysis. This could be explained by the fact that we only measured the CSA of the middle fibers of the TR, without the upper and lower fibers. As the upper and lower fibers of TR contribute to the A-ROM, further analysis is necessary to include the contribution of these muscle components of the TR as well. The CSA of the TR after ND has been reported to significantly correlate with the Shoulder Disability Questionnaire score 10) . Although this correlation should theoretically support an association between shoulder disability and the CSA of the TR, we propose that the stabilizing function of the RH on the scapula is essential to allow A-ROM of over-head shoulder movements with a weakened or paralyzed TR after ND.
The limitations of our study must be acknowledged in the interpretation of results. Our study group was relatively small, with all participants recruited from a single facility, limiting the generalizability of our findings. Moreover, the CSA is known to be influenced by age and sex 11) and, therefore, future research is needed to clarify these issues.
Conclusion
A greater CSA of the RH is associated with improved A-ROM early after ND. This association likely reflects the stabilizing effect of the RH on the scapula. Our findings support the introduction of positive strength training of the RH as a component of an intensive program of rehabilitation for upper limb movement after ND.
